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CONVERSION TABLE
Conversion Factors for U.S. Customary to metric (SI) units of measurement.

MULTIPLY 0 BY 0 TO GET
TO GET 4 BY 4 DIVIDE

angstrom 1'.000 000 x E -10 Treters Wm)
atmosphere (normal) 1.013 25 x E +2 kilo pascal (kPa)
bar 1.000 000 x E +2 kilo pascal (kPa)
barn 1.000 000 x E -28 meter? (m)
British thermal unit (thermnchemical) 1.054 350 x E +3 joule (J)
calorie (therrochemical) 4.184 000 joule (J)
cal (therrocemical/am2 ) 4.184 000 x E -2 mega joule/rn (MJ/m2)
curie 3.700 000 x E +1 *giga bacquerel (GBq)
degree (angle) 1.745 329 x E -2 radian (rad)
degree Fahrenheit tk = (t~f + 459.67)/1.8 degree kelvin (K)
electron volt 1.602 19 x E -19 joule (J)
erg 1.000 000 x E -7 joule (J)
erg/second 1.000 000 x E -7 watt (W)
foot 3.048 000 x E -1 meter Wm)
foot-pound-force 1.355 818 joule (J)
gallon (U.S. liquid) 3.785 412 x E -3 meter? (m9)
inch 2.540 000 x E -2 meter (m)
jerk 1.000 000 x E +9 joule (J)
joule/kilcgram (J/kg) radiation dose

absorbed 1.000 000 Gray (Gy)
kilotons 4.183 terajoules
kip (1000 lbf) 4.448 222 x E +3 newton (N)
kip/inch2 (ksi) 6.894 757 x E +3 kilo pascal (kPa)
ktap 1.000 000 x E +2 newton-second/ 2 (N-s/n?)
micron 1.000 000 x E -6 meter Wm)
mil 2.540 000 x E -5 meter Wm)
mile (international) 1.609 344 x E +3 neter (i)
ounce 2.834 952 x E -2 kilogram (kg)
pound-force (lbs avoirdupois) 4.448 222 newton (N)
pound-force inch 1.129 848 x E -1 newton-meter (N-m)
pound-force/inch 1.751 268 x E +2 newton/meter (N/m)
paoud-force/foot 2  4.788 026 x E -2 kilo pascal (kPa)
pound-force/inch2 (psi) 6.894 757 kilo pascal (kPa)
pound-mass (lbm avoirdupois) 4.535 924 x E -1 kilogram (kg)
pound-mass-foot 2 (morrent of inertia) 4.214 011 x E -2 kilogram-nreter2 (kg-m)
pound-mass/foot3  1.601 846 x E +1 kilogram-meter' (kg/md)
rad (radiation dose absorbed) 1.000 000 x E -2 **Gray (Gy)
roentgen 2.579 760 x E -4 coulcmb/kilogram (C/kg)
shake 1.000 000 x E -8 second (s)
slug 1.459 390 x E +1 kilogram (kg)
torr (rnm Hg, 00 C) 1.333 22 x E -1 kilo pascal (kPa)

*The bacquerel (Bq) is the SI unit of radioactivity; 1 Bq = 1 event/s.
**The Gray (GY) is the SI unit of absorbed radiation.
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SUMMARY

BACKGROUND

High-energy-density capacitors that are compact and light-weight are extremely valuable in a
number of critical DoD systems that include portable field equipment, pulsed lasers, detection
equipment, and electromagnetic weaponry. Commercial applications in need of high-power sources
are also numerous. We can cite: high intensity flash lamps, defibrillators, lasers, and portable field
generators.

Applications that require high voltage, short pulse length and high rep rates are limited to low loss
dielectrics such as polypropylene. Lower rep rate applications can be served with higher loss
dielectrics that include polyester (PET), polyphenylene sulfide (PPS), polyethylene naphthalene
(PEN) and polyvinylidene difluoride (PVDF).

PVDF is the highest energy density polymer dielectric. In the past PVDF was used in a few
commercial applications which involved mostly portable equipment such as defibrillators and
portable pulse generators. Escalating price of the PVDF polymer film, combined with some severe
drawbacks such as high dielectric absorption, resulted in low market demand for PVDF capacitors.

Sigma Technologies proposed to develop a new hybrid PVDF film with superior thermal and
mechanical properties that will improve capacitor energy density storage and output efficiency. In
Phase I, an acrylate-PVDF hybrid film was produced using a patented, ultra high speed, vacuum
polymer deposition process. The acrylate polymer films are formed by vapor deposition of
multifunctional acrylate monomers that are deposited on the PVDF as a thin liquid film and are
cross linked using electron radiation.

The capacitors were evaluated under a variety of tests and their performance was compared to
control parts. The results of this investigation clearly demonstrated that PVDF film properties can
be altered significantly with an acrylate coating to allow the production of dry metallized
capacitors.

Phase I capacitors produced with hybrid 80m PVDF/0.5-1.0flm of acrylate film were able to reach
voltages over 3000V, while control capacitors with 80[m PVDF did not exceed 1200V. This
represents a higher than 7:1 difference in energy density between the two different capacitor

designs.

Also preliminary work by Sigma with hybrid PET/Acrylate films has demonstrated that capacitors
with energy densities in the neighborhood of 1J/cc can be made, and perhaps higher densities can be
obtained with film design optimization. Such capacitors may be more appropriate for higher
frequency applications, such as invertors and pulse modulators. Furthermore, three years ago
Sigma demonstrated that hybrid metallized polypropylene/acrylate film capacitors can have higher
current carrying capability and superior resistance to corrosion and corona discharges. These and
other results created such an interest in the Acrylate hybrid films, that all three major capacitor film
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manufacturers have now licensed the Acrylate coating technology, and are at different stages of
incorporating this technology in their products for AC capacitor films

The above elements very much direct the focus of the Phase II effort. Sigma proposed to increase
further the energy density by introducing 2 major concepts:

1. Electrode segmentation
2. Inline control of electrode resistivity using optical means

PHASE II MAIN ACCOMPLISHMENTS AND FINDINGS

The phase II effort focused on optimizing the monomer formulation process, in-situ control of
electrode resistivity, machine design, and electrode segmentation. The major accomplishments can
be summarized as follows.

Design high dielectric constant monomers

Sigma was successfil in the formulation of very high dielectric constant polymeric materials. The
highest dielectric constant obtained was 30.67, which that of a cyano-acrylate monomer.

Heavy Edge Mask and Segmented Electrode System

In order to produce self-healing (failure safe), high current carrying capacitors, Sigma designed an
oil printing system to produce segmented ectrode capacitor film

Machine design

Film tension control is critical for handling thin film PVDF film, which has a tendency to wrinkle
and distort during machine runs. Several devices and mechanisms were introduced in order to have
successful runs.

In-line Control of Electrode resistivity

The capacitor electrode is a critical component in capacitor design. Sigma designed, built and
commercialized the first is the first inline optical densitometer to control the electrode resistivity in-
situ.

Results

Sigma produced the highest energy density ever recorded in both PET and PVDF film capacitors,
2.56 and 6.89 J/cc, respectively.

Sigma is very excited about these results. A commercialization plan is being draft to market this new
technology. The P1 and Sigma are very grateful for this opportunity and thanks DTRA for its
support.
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SECTION 1
PROCESS DEVELOPMENT

1.1 GENERAL OVERVIEW OF THE NEW SYSTEM

Sigma Technologies has deployed over the past year an extensive effort to upgrade the NRC
vacuum chamber in order to handle wider and thinner films. The new NRC Vacuum Chamber is
depicted in Figure 1 and pictured in Figure 2. Major features of the new chamber include:

-48" drum for handling wide films for pilot production
-UV curing system for processing a wide range of monomer formulation
-Magnetron Sputtering for the deposition of a wide range of inorganic materials
-Use of oil heating for uniform temperature distribution
-New electron gun design
-New evaporator and nozzle design
-New rollers and drives for handling thin films
-Inline densitometer
-Control Software (Touch Screen)

WIND-ROLL

Densitometer

Plasma Treatment- Ultraviolet Lamp

.. ... .... 
Electron Beam

Magnetron ROCE.SROL Monomer Nozzle

Ion Bombardment Station

"Thermo Metal Evaporation

Figure 1. Schematic Drawing of the newly designed NRC vacuum chamber
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Figure 2. Picture of the new NRC Vacuum Chamber

1.2 NRC DRIVE SYSTEM

The NRC web system is composed of four drive elements, which are functionally broken into for
web handling purposes. The driven elements, that being, the drum, the unwind roll, the rewind roll,
and the tensioning helper, each employ an AC brushless servomotor and are shown in the attached
schematic along with the positions of the three sets of which are responsible for

System control is provided by an Ormec Orion III series Motion Controller module. This device is
responsible for, and overall allocation of system resources under the direction of a user
implemented program. A is utilized to command and, as well as provide for the input of the
necessary run parameters such as roll and cores sizes.

The basic principle behind this system calls for a servo response based on tensioning requirements.
That is to say, the system calls for a servo drive response based on an algorithm that takes into
account both the commanded and currently read tensions in each zone. In this fashion, control of the
web is accomplished by closing the servo loops (that is their position and motion parameters)
around a. Actual control depends on several nested loops and varies with the mode of operation
chosen (i.e. velocity control or position control). In both cases a velocity and gearing loop are
present, while in the case of position mode a positioning loop is substituted for a the tensioning loop
term used in velocity mode.

Changes/Modifications:

9 Various web paths, and load cell positions have been explored in order to optimize web tensioning
and control. The final path is as shown in Fig. 1.
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a The web was previously utilized in velocity mode. This was not the desired mode of operation,
but mechanical problems with the drive system, in the form of a gearbox with poor backlash ratings,
necessitated the use of this weaker control mode. This problem is being rectified via the installation
of a better gearbox. The web is now currently being tuned to operate in position mode, which
should improve its thin film handling characteristics.

Due to film wrinkling, bowed rollers were replaced by spreader rollers. Also, nip roller were
introduced to prevent film slippage across the drum (Figure 3)

Figure 3. Rollers for thin film tensioning

1.3 MONOMER DEPOSITION SYSTEM

This system is composed of-a degassing and pumping system,

-an oil tank,
-an evaporator, and a nozzle

The new monomer evaporation system calls for operation up to 450 'F to provide us with the
ability to process high temperature polymers. The monomer syringe pump (Esco model D500) is
based on positive displacement mechanisms. This pump is able to handle high viscosity monomers
with good flow control. We also experimented with a parastolic (squeeze) pump (Welsh) with less
success.

5



The electric band heater around the evaporator were replaced by an oil heater tank (shown in Figure
4) for more temperature uniformity.

The new monomer evaporator, as well as all the related accessories, were designed for handling
several types of monomers with different properties that include viscosity, stochiometry, and
flashing temperature. The monomer is introduced in the evaporator through Bosch type injectors.
The monomer nozzle was redesigned to include variable flow rates. Strip style electrical nozzle
heaters (Tempco, 600W) were used instead of band heaters .Mass flow controllers (MKS 1000) are
used to control the monomer flow. Several experiments were carried out in order to optimize to
whole process (flow rate, viscosity, temperature). Versions of evaporator, nozzle, and assembly
design are shown shown in Figure 5 and pictured in Figures 6 and 7. also to handle high
temperature monomer

Figure 4. Oil Tank for Monomer Evaporator Heating
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Figure 7. Picture of a monomer nozzle

-------------- ------- ----- -----------------
-------------- i-------L .

Figure 8. Plasma Treater Design



1.4 PLASMA SOURCE

The design of the new plasma gun include a dual hollow cathode and a magnetic focusing system
for selective plasma treatment. An example of Plasma gun design is shown in Figure 8. A picture of
plasma source is shown in Figure 9..

Figure 9. Picture of the Plasma Treater

1.5 ELECTRON GUN

In the new electron gun design (see Fig. 10) special attention was given to the dimension of the
groove, the shape and the width of the slit, and the reactive gas manifold. Several machine runs
were carried out in order to optimize the process (gas pressure, voltage, width of the slit, distance
between the gun and the film). A picture of the electron gun is shown in Figure 11. A Spellman
Model SR6 supplies the control high voltage to the electron beam.

9
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Figure 10. Electron Gun Design

Figure 11. Picture of the electron gun as installed in the
NRC
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1.6 ULTRAVIOLET (UV) LIGHT SOURCE

For a certain type of polymer or for thick coatings, it is sometimes necessary to use UV light instead
of electrons for proper curing. For this purpose, Sigma has incorporated a UV light source in the
NRC. (see Figures 12 and 13 for the schematics and the picture.)

t --

Figure 12. UV Source Design.

Figure 13. Picture of the UV Source.
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1.7 SOFTWARE CONTROLS

PLC software was developed to control the whole process. A picture of the Sigma TouchScreen is
shown in Figure 14.

Figure 14. Touch Screen Controls of the NRC
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SECTION 2
INLINE OPTICAL DENSITY SCANNER

2.1 BACKGROUND

The electrical layout for the functional prototype of the Inline Optical Density Scanner is as
shown in the previously submitted schematic. As a basic reminder to the reader, this circuit operates
by placing a target between a series of light sources and a like number of TSL230B Light-to-
Frequency sensors (see Figure 15). The output of each of these sensors is a frequency, which is
linearly proportional to the intensity of the received light. Sensor sensitivity is accomplished via the
selection of lines SO and S1. These lines provide access to an internal electric iris while a second
pair of lines (S2 and S3) allow for the scaling of the frequency output through an internal divide-by
circuit. The output of each sensor is buffered through a 74BCT541A, and then transmitted to a
nearby control board via a terminated flat ribbon cable utilizing an alternating ground arrangement.
When the frequency signals reach the control board, they are buffered again (74ALS245A) and then
selected on an individually basis through a 16-to-I multiplexer. Multiplexer control, sensor
selectivity, and sensor output scaling functions are each regulated through the control board's
80C32 microcontroller. Once an individual channel has been selected, the output frequency in
question is directed to the microcontroller's timer 2 (T2) port, which has been configured in an
external event counter mode. The integration period for timer 2 measurements is based on the
predetermined overflow rate of a second internal timer, TO. Upon collection, the value captured in
T2 is divided into a calibration count, which was obtained by referencing a full light or Optical
Density zero condition. The log of the above quotient is then obtained via a lookup table. The
resulting Optical Density figure is then passed to the serial transmission routine for transmission to
a remote display while the next sensor is being processed. As seen in the earlier schematics
additional circuitry employed consists of an EPROM for program memory and NV-SRAM for
variable and serial buffer storage.

U~ghi Sallery

le llized Film

PowW Suplies Opwatar Intuiface
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Figure 15. Inline Optical Densitometer System Overview
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At present the collected Optical Density data is transmitted to a standard PC, where a Visual Basic
program handles data storage and display. Concurrently, coating thickness, and ohms/square are
calculated from this optical density data and are likewise stored and displayed on the host PC.
Sensor control is also conducted through the host PC via an onscreen menu with the actual
commands being transmitted back to the sensor through the intervening serial connection.

2.2 PROTOTYPE DEVELOPMENT

T

Figure 16. Sigma Inline Optical Densitometer

The prototype, as shown in Figure 16, incorporated 10 sensors spanning a 48" web path (package
width is 1.5" and package depth, which includes the sensor bar, light bar, and the intervening film
gap is 6.5"). The number of sensors, their spacing, and the distance spanned by the resulting sensor
array is, for the most part, variable. Higher or lesser sensor densities could easily be incorporated
with only minor circuitry and software changes. The selection of the light source proved more
difficult. An earlier attempt to use a florescent tube was abandoned when, under vacuum, a
noticeable output frequency drift was observed, even when the tube ripple frequency was rejected
by integrating over one period. A row of incandescent bulbs were employed next, but these devices
proved unsatisfactory.

Under bench test conditions the apparatus appeared stable (see graph 1), but under vacuum
conditions the poor heat conduction resulted in increased heating of the bulb filament, which in
turn, led to a "self sputtering" of the filament onto the bulb's glass envelope. This action resulted in
a continual decrease in the amount of light emitted by the bulb, which of course, led to a frequency
drift interpretation by the sensor array (see graph 2). Even if the "self sputtering" behavior had not
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been encountered it was concluded that a filament based light source was unsuitable given the
heating fluctuations within the filament.

The problem was resolved by using a row of Ultra-bright (13,000 mcd) 660 nm Red LED's.
These devices were placed in a series configuration and were current controlled via a precision
current sink. The LED's proved more than bright enough to resolve O.D.'s up to 4.0, and with the
current control provisions, proved stable under vacuum. Laser diodes were considered but they are a
number of problems associated with these devices. First, these devices are notoriously difficult to
tune. Secondly, they require additional support circuitry which would have not only increased
system costs, but would have increased the number of feedthrough lines required as well. In
addition there are reflection problems, and most importantly, heating problems which can manifest
themselves in the form of mode hopping. Short of water-cooling each diode, this made these
devices a poor choice given the heat dissipation problems encountered in a vacuum environment. Of
course there would have been some benefits to using a laser diode arrangement, but LED's were
eventually chosen for design simplicity and cost reduction.
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Figure 17. Operator PC Interface Screen
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Figure 17 shows a representation of the operator interface screen. The current display allows for the
selection of an Optical Density alarm window, the ability to turn off a specific sensor displays,
various status indicators, and the display and saving of Optical Density, and Resistance/Thickness
data (for Aluminum). All information and/or commands are transmitted between the control circuit
and the PC via their respective serial ports at a 19,200 baud rate.

2.3 TESTING/OPERATION

A static test, under vacuum, was then conducted using a number of metalized film fragments of
known optical density as targets. The results of this test, as seen in graph 3, demonstrated sensor
stability. Minor variations in the known Optical Density on the order of a several one-hundredths
were observed. Although these variations were within the tolerances of the Light-to-Frequency
converter chips, it is more likely that the variations were a result of an extra count in the
measurement approach taken.

The fact that timer 2 (the measurement counter) and the reference timer (timer 0) are not
synchronized leads to an "aperture jitter" effect, which results in unintentional count variations. For
lower Optical Densities this effect is not pronounced because the measured frequency is large when
compared to the error. For higher optical densities however, this effect can result in problems, given
that error begins to take on a larger percentage of the measured frequency. The problem can, and
will be resolved by synchronizing the two counters in such a fashion that the first count of timer 2
will start the reference timer. Under these circumstances the reference timer will always begin under
the same conditions.

Once the stability test was concluded a pair of aluminum evaporation metallizing runs were
conducted. The verification of sensor data is complicated by the present inability to recreate the
point-wise correspondence that existed between the metalized film position and the sensor reading.
That is to say, once the process is stopped it is impossible to determine exactly where on the rewind
roll that the sensor reading was made. This could be corrected for by accessing the web system's
run counter and then saving this value along side the stored sensor data. Although the lack of
cardinality between film position and sensor data is a problem for basic testing, it does not pose a
problem in production, where the typical goal would be to run the entire film at a given optical
density.

A general verification of the data taken in graph 4 was conducted by testing points on the produced
metalized film with a bench top COSAR Transmission Densitometer. In general terms the COSAR
readings supported the Inline sensor data. The COSAR showed a wide variance in film optical
density over very short distances, a fact supported by the Inline sensor data. This fact was also
confirmed visually by placing portions of the metallized film on a light table. Even so, the data
collected in this test was in accordance with that measured by the COSAR densitometer..

In general the metalization run data is further complication by the limits of the actual metallization
process itself. That is to say, the evaporation process itself is not precise. Boat histories, wire feed
setups, wire feed rates, and boat resistance's can demonstrate a large variance from station to
station. This fact can make data validation even more difficult.
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The adjustments made by the chamber operator during the sputtering process can be seen in these
graphs. Graphs 12 and 13 require an additional explanation. The 10,000 element lookup array in
program memory is sufficient to characterize Optical Densities from 0 to 4. However, because of
the rapid rise of the logarithm function from 0 to 1 the coverage of these optical density values in
the lookup array is limited. That is to say, for lower OD values, from approximately 0 to 1, there
are only a handful of elements in the array, and as such, large gaps exist between OD values in this
range. To solve this problem a 100,000 element array needs to be used, unfortunately this will
exceed the 64k program space of the current model. (However, the next board revision, discussed
below, possess more than enough memory space to solve this problem.)

A summary of the current and future/optional scanner features is shown below:

2.4 CURRENT INLINE SENSOR FEATURES

"* Measurement of Optical Densities from 0.00 to 4.00
"* Selectable sensor sensitivity
"* Self Calibrating
"* Serial interface; reducing the number of wires required, allowing for variable hosts, and providing
for

increased noise immunity
* Real time display of Optical Density, and real time calculation and display of metallized film
resistance,

(ohms/sq.) and thickness, based on corresponding Optical Density data
* Internal control circuitry can be remotely located from the actual sensor array (up to 10 feet)
allowing for

mounting flexibility and space savings
"* Sensing outputs and equivalent measurements are frequency based, providing for increased noise

immunity and digital versatility
"* Flexible. Software upgrades allow for customization with minimal
"* Flexibility in sensing array dimensions and number of elements employed

2.5 OPTIONAL/FUTURE FEATURES

"* Serially programmable in circuit configuration allowing for variable user defined applications
and for in circuit uploading of selected lookup tables, user directives, and selected integration
times

"* Selectable user defined Optical Density window and sensor alarm when outside of defined range
"* Selectable measurement techniques to tailor sensor speed
"* Individual sensor selection and corresponding individual run history graphs
"* Interface to existing web counter/web system to correlate Optical Density with actual position

data
"* Increased data transmission rates

17



2.6 IMPROVEMENTS/DEVELOPMENT DIRECTION

An improved version of the Inline system control board, which is to be built shortly, is shown in the
attached diagram. This new board is centered about a more powerful 80C390 controller and will
include the following features/corrective measures:

1. Increased program memory space (1 MB) and increased program data space (1 MB). This
will allow for a greater number of embedded routines to be employed such as
improved/selectable lookup tables, and program branching to incorporate different
measurement modes.

2. Selection between frequency measurement for low O.D. (> 2.75) and period measurement
for higher O.D.s (< 2.75) either automatically in software or by user command. The
aperture jitter problem is also solved through the same mechanism. Both of the above
changes are accomplished via the use of an inverter and one of the micro's interrupts. The
frequency waveform to be measured is inverted and fed to interrupt 0, which is set for a
falling edge interrupt. After starting the internal timer on the falling edge of the waveform,
this interrupt is masked until the internal timer (TO) interrupts and completes the
measurement cycle. Under these conditions frequency measurement of each waveform
begins at the same point, that being, the first falling edge encountered, which should
alleviate the aperture jitter problem. A period measurement scheme for higher O.D.s works
along similar lines, with the exception that the internal interrupt is not masked after the start
of the internal counter. Instead the interrupt is reset, and upon the next falling edge, this
interrupt stops the counter. This period measurement scheme should provide better
resolution for higher O.D.s.

3. An integral watchdog timer. This timer is important should the system "hang up." If the
system stops the watchdog timer will time out and reboot the system. Upon reboot a
calibration flag is checked. If the system has already been calibrated, that is, should the
system reboot during a metallization run, this calibration flag will tell the system to use the
calibrations values previously stored in the Non-Volatile (NV) SRAM. If the calibration flag
is not set then the system will start the calibration routine. This system health monitoring
occurs behind the scenes on the order of mSec, and thus, requires no action on the part of the
operator.

4. An increased serial data rate.
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5. Provisions for strobed light gallery operation and provisions for auto ranging light levels.

Figure 18. Light Gallery Control

(These items are explained later in the report.)
6. Improved frequency measurement range due to the inherently higher speed of the 80C390.
7. The 80C390 also has a pair of onboard full-function CAN 2.0B controllers. At the moment

there is no call to place the instrument on a Controlled Area Network however, such a
possibility has been reserved within the new circuitry.

It would also be desirable to provide more flexible control of the light gallery. Figure 18 shows a set
of possibilities in this regard.

The first possibility would be to strobe the light gallery at a fixed frequency. The Ultra-bright LEDs
are capable of very high output light levels under pulsed conditions. However, parasitic circuit
elements, duty cycle, edge chirping, sensor response, pulse repeatability, and the event capture
timing will all have to be characterized before such a mode can be employed. At the moment
provisions for this mode of operation will be incorporated into the Rev. A board.

A second possibility would be to incorporate provisions to control the curent through the gallery

via a digitally controlled potentiometer. Under such an arrangement, as shown in Figure 1 8, the
control board would have the ability to auto-range the light gallery output as needed. The idea
behind this would be for the controller to step through a series of light levels by indexing the digital

potentiometer. This index point would be saved as would the frequency or period calibration point
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at this given light level. During operation then, the controller would select the light level required
based on the observed optical density. Such an arrangement should optimize the light gallery
output, which will increase light gallery life and prevent the saturation of the light sensors.

In addition to the above elements there also exists other control possibilities, should future data
point to the reliability and accuracy of the Inline sensor. The most intriguing of these is closing the
metallization process loop by feeding the sensor data back either to a central processing unit or via a
number of DAC's to the boats' control circuitry. Such an arrangement, if feasible, would provide
for efficient process control with minimal intervention on the part of the chamber operator.

2.7 NEWEST DEVELOPMENT OF HIGH DENSITY OPTICAL SCANNER FOR
CAPACITIVE WINDING OPERATIONS

The schematics for the prototype of a second Optical Density scanner, for use in monitoring Optical
Density during Capacitive winding operations, are shown in Figure 19. The basic principle behind
this system is similar to that of a common scanner. The transmitted light through the metallized film
in question is imaged down onto a CMOS linear array. This light level information is captured, and
transmitted to a level shifter/gain stage (PGA205) before being passed on to an Analog-to-Digital
converter (AD976A). The digital output from this 16 bit converter is then consumed by the 80C390
microcontroller where the information is turned into an Optical Density value and then transmitted
to a remote PC/display for operator use. The remaining chips provide core functions such as
program and data memory. A linear CMOS array was chosen for several reasons. First, the array
was easily capable of 14 bits and should actually output closer to 15.5 true bits under optimum
circumstances. Secondly, unlike a CCD, the CMOS arrays require no cooling, which greatly
simplified the overall circuit design. Lastly, none of the ancillary chips associated with CCD control
and timing are required with the CMOS imagers.

Figure 19. Schematic drawing for the prototype inline scanner for capacitor windings
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2.8 CODE

The initial C code for controlling the OD monitor is the following:

/****************************************************************************
Optical Density Scanner Program 2

/

/*** This version employs a more precise lookup table which is
geared for measuring O.D.s from 0 to 1.0

#include <AM80C52.h>
#include <stdlib.h>
#include <stdio.h>

/************** optical density program definitions ***********************
#define uchar unsigned char
#define uint unsigned int
#define ulong unsigned long
#define ushort unsigned short
bit data dataready, startflag,end flag; /* decision flags */
bit data caldone;
bit data tempty, tdone; /* serial decision flags */
uchar na,b; /* indexing variable */
uchar xdata rbuf[8]; /* ser rec & trans buffers */

uchar xdata ascii conv[6]; /* acsii conversion array */
ulong xdata freq cal-data[12]; /* calibration data array */
ushort xdata freqdata[12]; /* Current freq data array */
ulong xdata freqod[12]; /* O.D. output array */
ushort data i; /* ratio index int. */

ushort code ig2[]; /* loglO lookup table */
/*ushort code corr[];*/ /* calibration table if needed *//****************************************************************************

data transmission function */

void data tran (void){
uchar xdata datalo, datahi, datamid,d,temp; /* var and ptr int. */

d=0;
EA=0; /* disable interrupts */

datahi=freqod[nl/100; /* 10ths place */
temp=freq_od[n]%100;
datamid=temp/10; /* 100ths place */
datalo=temp%10; /* 1000ths place */
ascii conv[d]=OxOc; /* start marker */
ascii conv[d+l]=Ox2e;
ascii conv(d+2]=data hi+48; /* save 10ths place add 48 to

make ascii 0-9 */
asciiconv[d+3]=datamid+48; /* save i00ths place */
ascii conv[d+4]=data lo+48; /* save 1000ths place */
ascii conv[d+5]=OxOd; /* end marker */

t_empty=0; /* sbuffer not empty */
EA=l; /* enable interrupts */
SBUF=n+48; /* send-start data stream-sensor

number */
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serial interrupt service routine *//**************************************************************************/

void serint(void) interrupt 4 using 1
static uchar a,b;
if (RI==I){

rbuf[a]=SBUF; /* rec char save to rec buffer */
if (rbuf[a]==0x53){

startflag=l; /* 'S' calibrate & start */

if (rbuf[a]==0x45){
endflag=l; /* 'E' end run */

a=++a && Oxf; /* index buf & check rollover (not
needed) */

RI=0; /* clear interrupt */
if (TI==I && !tempty){

SBUF= asciiconv[b]; /* trans complete, load next item */
b++;
TI=0; /* clear interrupt flag */

if (b==6){
t_empty=1; /* tbuffer empty flag or rollover */
b=0; /* reset tbuffer index */

else { /* at end of tbuffer */
TI=0; /* clear trans interrupt */
t done =1; /* tbuffer sent */

/*************************+*************************************************
read sensor function/*************************************************************************/*

void read sensor (void)
uchar a=0;
THO=0, TLO=0; /* clear timer 0 */
TH2=0, TL2=0; /* clear timer 2 */
a=n;
a <<= 4; /* shift to upper 4 bits of port 1 */
if (caldone==0)

a 1= 0x07; /* in cal routine mask off div. by 100 */
} else { /* output scaling and xl0 sen settings */

a 1= 0x06; /* in data routine mask off div by 2 */
/* output scaling and xlO sen settings */

Pl=a; /* write to mux via port 1 */
TRO=l; /* start timer 0 - freq counter */
TR2=I; /* start timer 2 - internal timer */

/****************************************************************************
Timer 2 interrupt service routine

void timer2() interrupt 5 using 1
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